CLAIMS 



1. A direct-current motor, comprising; 

an armature core, wherein the core has a plurality of 
\eeth, the teeth being arranged at a pitch of a first 
predetermined angle; 

a plurality of armature coils, wherein each coli is wound 
about a different group of teeth having a predetermined number 
of teeth, wherein each tooth is located at the most advancing 
position in the rotation direction in one of the teeth groups, 
and wherein the armature core and the armature coils form an 
armature; 

a plurality of magnets, wherein the magnets face one 
another with the armature in between, wherein each magnet 
includes: 

a main portion; 

an extended portion extending from the main 
portion; 

a first weak flux part, which is located in the 
0 vicinity of the border of the extended portion and the 

main portion, wherein the first weak flux part extends 
along one pitch of the teeth, and the flux of the first 
weak flux part gradually increases along the rotation 
direction of the armature; 
5 a commutator, which has a plurality of segments, wherein 

the segments are connected to each coil; 

a pair of brushes, which can contact each segment, 
wherein the brushes supply current to the coils through the 
segments, wherein, during commutation, each brush establishes 
30 a short circuit in an adjacent pair of the commutator 

segments, thereby changing the direction of current flowing 

through the coil; and 

wherein, when commutation is started for a group of 
teeth, the advancing end of the first tooth in that teeth 
35 group, the first tooth being located at the most advanced 
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position in the group in the rotation direction of the 
armature, is aligned with the first «eak flux part of one of 
the magnets. 

5 2 The direct-current motor according to claim 1, wherein 
the number of teeth belonging to the same group is represented 
by n, wherein the circumferential length of the main portion 
of each magnet corresponds to a second predetermined angle, 
wherein the second predetermined angle is determined such 
10 ■ that, when the circumferential center of the first tooth is 

aligned with the most advancing portion of the main portion xn 
S the rotation direction of the armature, the most trailing end 

0 of the main portion in the rotation direction of the armature 

1 is circumferentially located between the nth tooth and (n-l)th 
O 15 tooth. 
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The direct-current motor siccording to claim 1, wherein 
the main portion of each magnet includes a second weak flux 
part, wherein the second weak flux part is spaced from the 
first weak flux part by an angle that corresponds to the first 
predetermined angle multiplied by an integer, and wherein the 
flux of the second weak flux part increases in a direction 
opposite to the rotation direction of the armature. 

4 The direct-current motor according to claim 3, wherein 
the second weak flux part comprises a plurality of second weak 
flux parts, and wherein the second weak flux parts are located 
in the main portion of each magnet. 

30 5 The direct-current motor according to claim 3, wherein 
the first weak flux part and the second weak flux part are 
formed by removing part of the inner surface of the main 
portion of each magnet. 

35 6. The direct-current motor according to claim 5, wherein 
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" the voluire of part removed for forming the second weak flux 
part is equal to the volume of part removed for forming the 
first weak flux part. 

5 7. The direct-current motor according to claim 1, wherein 
the number of teeth belonging to the same group is represented 
by n, wherein the circumferential length of the main portion 
of each magnet corresponds to a second predetermined angle, 
wherein the second predetermined angle is determined such 
10 that, when the circumferential center of the first tooth is 

aligned with the most advancing portion of the main portion in 
the rotation direction of the armature, the most trailing end 
of the main portion in the rotation direction of the armature 
is aligned with the advancing end of the nth tooth in the 
C= 15 rotation direction of the armature. 

SJi - 

P 8 The direct-current motor according claim 1, wherein the 

h number of teeth belonging to the same group is represented by 

U n, wherein the circumferential length of the main portion of 

y 20 elch magnet corresponds to a second predetermined angle, 
P wherein the second predetermined angle is determined such 

^ that, when the circumferential center of the first tooth is 

aligned with the most advancing portion of the main portion in 

the rotation direction of the armature, the most trailing end 
25 of the main portion in the rotation direction of the armature 

is aligned with the trailing end of the (n-l)th tooth in the 

rotation direction of the armature. 

9. The direct-current motor according to claim 1, wherein 
30 the pitch of the segments is equal to the pitch of the teeth, 
and wherein an angle that corresponds to the contacting width 
between each brush and each segment is equal to the pitch of 
the teeth.. 

35 10. The direct-current motor according to claim 1, wherein 
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.ne .u^or »f the ».,nets is and therein the m.,n.ts are 

s^tric with ze=pect to the a.is o£ the .mature. 

The ai.e=t-cu«e„t »otor accorUi™ to =lai» i. whe.ei» 
L first «ea. flux part is forced by re»ov.„, .part of 
outer surface of the main portion of each ..a^et. 

« direct-current motor, comprising; 
. 1 armature core, .herein the core has a plura itv of 
teeth, the teeth being arranged at a pxtch of a 

^"''rrrttirtV armature coils, -herein each coll Is wound 

. . a diffe ent group of teeth having a predetermined number 
about a different g P advancing 

°' .r:::rt:: o - --^^^ one of the t..th group,, 

I^r^ture core and the armature colls .orm an 

'"""rplurality Of magnets, wherein the magnets face one 
snothir with the armature in between, wherein each magnet 

20 includes: 

a main portion; 

an extended portion extending from the main 

first we., flux part, which is located in the 
^ border of the extended portion and the 
" ~ rorwh::::: the first -ea. .ux part ext d 

•4.^v, rt* the teeth, and the flux of the first 
rarrg::dru, mcreasea alo„g the rotation 

r:::::a::.thirra'pluralit. Of segments. Wherein 

- rrbrrrthi: r c^ct .ch .gment ^ 

wheretn^he brushes supply current to - -----^rhes 

aegments. Wherein, during commut.-„ ^^J^^ 
a short circuit in an ad^jacent pair at t 



35 
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segments, thereby changing the direction of current flowing 

through the coil; and 

wherein the number of teeth belonging to the same group 
is represented by n, and wherein the position of each brush is 

groups, the first tooth being located at the most advanced 
position in the group in the rotation direction of the 
Lmature, is aligned with the first weak flux part of one of 
tKemagnlts, the brush starts establishing a short circuit .n 
an adjacent pair of segments that connects the coxl. 

13 A direct-current motor, comprising; 

' an armature core, wherein the core has a plurality of 
teeth, the teeth being arranged at a pitch of a fxrst 

15 predetermined angle; , . ..«„«h 

a plurality of amature =oll=, «h.«in each coU 1= wound 
about a different ,roup of teeth havin, . predeter^ned „u»ber 
Of teeth. Wherein each tooth i. loo.ted at the n,o.t advancing 
position in the rotation direction in one of the 

20 and Wherein the armature core and the ar-ature coila for. an 

armature; \^^~y,^-^ 
3 pair of magnets, wherein the magnets face each other 

with the armature in between, wherein each magnet 

. a main portion, wherein the circumferentxal length 
of the main portion corresponds to a second predetermined 
angle, wherein the number of teeth belonging to the same 
group is represented. by n, and wherein, when the 
circumferential center of the first tooth in the group xs 
aligned with the most advancing portion of the maxn 
30 portion in the rotation direction of the armature, the 

xuost trailing end of the main portion in the rotation 
direction of the armature is circumferentially located 
between the nth tooth and (n-l)th tooth; 

an extended portion extending from the maxn 



35 portion; 
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a first weak flux part, which is located in the 
vicinity of the border of the extended portion ^ind the 
^in portion, wherein the first we., flux ^--^^ 

wealc flux part gradually increases along the rotatxon 
direction of the armature; 

a co-»«tor. Which ha= a plurality ■>t s.9»ent„ where^a 

ar-f* connected to each coil; 

the segments are conncwuc 

.pair Of bru,h«. Which can contact each se^ent 
. ■ vK« b.uah« supply current to the coils through the 
::::::: .url, co^utatlon, each .ruah establishe, 

a Ihort circuit in an adjacent pair c£ the co^utator 
:,jLnts, thereby =han,in, the direction o. current flo-.n, 

through the coil; and . 

wherein, when confutation is started for a ,roup ot 
teeth, the advancin, end of the first tooth in that teeth 
Troup is aliened with the first wea. flu. part of one of the 
magnets . 

mrsi-nr according to claim 13, wherein 
on 14 The direct-cuirrent motor accoroiuy u , ^, „ 

t:; In portion Of each ^,net includes a second wea^ ux 
part. Wherein the second w... flu. part is spaced 
Lrst weak tluK part by an an,le that corresponds to the first 
determined an,le multiplied by an integer ---- - 
,1„» Of the second weak flux part increases in a drrectxon 
opposite to the rotation direction of the armature. 

,5 The direct-current motor according to claim 14, "herein 

e s cla weak flux part comprises a plurality of second we k 
flux ratts, and wherein the second weak flux parts are located 
in the main portion of each magnet. 

16 The direct-current motor according to claim 15. wherein 
tL first weak flux part and the second weak flux part are 
form d by removing part of the inner surface of the main 
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portion of each magnet 



17. The direct-current motor according to claim 13, wherein 
the pitch of the segments is equal to the pitch of the teeth 
and wherein an angle that corresponds to the contacting widt: 
between each brush and each segment is equal to the pitch of 
the teeth. 
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